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ABSTRACT 

bi  tht  (alt  U  1M7  ta*  Naval  Ordtaanec  Yaat  SUtiM  <Nt  j)  waa  aludylns  the  (caalbUlty  o<  launch* 
Ir4  an  obacrvatMn  tclcvtaloa  aataUlta  (rom  an  atrcralt.  In  the  aprtng  a<  !9M,  when  plana  (or 
the  Arfua  tjqwrlmcnta  were  bctn«  developed,  it  «aa  propoaed  and  accepted  that  the  air-launched 
vehicle  under  development  at  NOTS  be  utlllied  to  place  a  acuitlllallon  counter  In  polar  orbit. 

Thla  payload  vraa  to  be  uaed  to  detect  and  meaaure  trapped  electrona  (rom  the  nuclear  delona* 
tiona  that  »ere  to  be  eB^t!a)red  to  teat  the  Chrletotlloa  theory.  The  prlautry  iaatruBMntatlon  lor 
the  e^Mrlmenta  waa  carried  In  Kmlorer  (V,  and  the  NOTS  aatelltte  payload  waa  to  be  uwd  aa 
additional,  back-up  Inatrumentatlon. 

The  vehicle  waa  to  be  launched  at  htch  altitude  in  a  loll  maneuver  (rom  an  Interceptor  mr- 
cralt.  The  vehicle  conalnted  o<-a  llve-ata(ce,  unguided,  eolid-fueled  balllatic  rocket  weiahma 
approktmately  3,  ISO  pounda,  (fnltlon  ot  the  rocket  motorn  waa  ataftd  by  electronic  timers, 
eacept  (or  the  third  atape,  which  waa  to  be  (Ired  at  a  giv«  n  ancle  to  the  horlion  aa  meaaured 
by  an  Mrared  tcleacope.  The  Ural  two  a-acca  o(  the  vehicle  were  (In-atabtllaed,  and  the  lait 
three  were  aptn-ctabtltaed.  The  (Uth-etace  motcr  waa  retro-mounted.  The  apinninc  (Uth  atape, 
wMch  waa  to  carry  the  payload,  would  have  acted  aa  a  oroacope  and  thua  maintained  orientation 
In  Inertial  apace  while  coaetlnc  around  to  approatmntely  the  anttpodai  point:  at  thla  point  the  (Uth- 
atace  amtor,  oriented  properly  with  the  ve'ocity  vector,  would  have  been  (Ired,  pUcuic  the  pay- 
toad  tnio  the  dealred  orbit. 

Within  tha  apan  o(  0  mootha  the  eatelltte  vehicle  and  pavload  were  de tipned,  developed,  and 
tewed,  and  aU  coaipiete  aywtma  were  manu/actured  and  launched  (rnaa  an  F4D-1  aircrait  over 
the  l*acl(le  Hleetle  Ranee,  Three  orbtial  atteeaple  employinc  diainowic  payloida  were  made  tn 
late  July  and  early  AueuW  IkSk,  and  three  (Inal  attempta  to  place  ihe  payload  in  >irliit  were  mad< 
on  3S,  M,  and  2«  Au«uW  t»M, 

All  ftrlnca,  enept  the  one  on  U  AueuW,  maliunctioned  durinp  (IrW-inace  prupulvion.  Crvi- 
tal  control  o<  the  dIacnoWlc  payload  tranamiltrr  (requrnry  waa  lott  -uat  prior  lo  Uui„  h  on  Ihe 
23  Aupuw  (Irtnc-  Three  poeeible  paeaee  were  reenrdid,  but  a  complete  review  ni  the  daU  could 
not  JuWUy  an  orbital  claim, 

A  World-Wide  network  at  mlerolock  Wationa  was  built  lor  instrvmcoutlon.  These  slatinns 
were  located  In  New  Zealand,  the  Atoret,  Alaska,  CrrenUnd,  sixJ  Cluna  Lake,  Caliinrnia. 

These  etattons  were  uaed  lo  (alher  International  Geophysical  YrsI  (K>Y)  data  and  to  monitor  the 
Explorer  (V  inWrumentatlon,  and  srere  ready  lo  receive  il  the  pilot  aalellile  had  been  ^urrr^.^lul. 

Althaufh  NOTS'a  ellorts  on  this  protect  were  not  completely  successiul,  much  valuable  inlnr- 
matton  waa  obtained  that  should  be  applicable  In  related  proiects  ul  Ihr  luture.  In  addition  tn 
those  accnmpllshmenls  already  mentioned,  the  (ollnwinc  are  par’.irulirly  sijpiUicanl: 

1.  The  (ly-up  atrcralt  aatellKe-iaunch  tr'hnique  waa  tucceaslully  demonatraird.  This  in¬ 
cluded  ouUUItnK  and  calibratinc  two  FtD-l  alrrrall  lor  lau,-<chliui  vehtcles  and  tralnuuc  (our 
pilots  In  Itunchlnj  techniques.  The  launchinc  conditions  lor  all  lull-scale  ItrUwi  were  wiihin 
lolrrancei,  thus  the  airrriK  maneuver  relublllly  and  reproducibility  were  aucceaslully  demon- 
ilra*»d 

2.  The  iotil  structure  weliM  ot  Ihr  vehicle  was  limited  lo  S  percent  ol  the  overall  vehicle 
welqhl.  Thla  required  the  development  o(  three  new  rnekrt  motors  with  hlidi  periormanee  tndra. 

3.  An  taniter  waa  developed  and  tested  under  simulaled  |g0,000-|oot  altitude. 

4.  An  IBM  procram  (or  enmputinc  •  ehicle  periormanee,  missile  lolrranres,  and  ephemerides 
lor  aatellltra  (rom  dopplcr  data  has  been  developed.  This  method  ol  rnmpulinc  ephemerides  has 
been  applied  to  doppirr  data  received  (ro.ni  Explorer  IV.  A  sla-decrers-ol-IrTednm  prucram 
study  hat  also  been  completed  (or  detrrmliu'.lon  oi  orbital  traiectoriei  concurrently  with  Wabi- 
lUy  ttudira. 


« 


5.  In  the  develapinent,  m&uuiic;ure,  «nd  operatloa  of  the  mlcrolock  (roued  recele-tr  lU- 
tloni  an  Improved  capability  (or  t^.d  frequency  acan  iMa  been  obtained,  and  theae  poi  table 
atatlona  can  now  be  ahlpped  anywhere  in  the  world  and  be  aet  into  operation  within  3  to  4  houra 
after  arrival  at  the  choaen  location.  The  data  obtained  by  the  NOTS  atationa  are  reported  to 
be  amonc  the  moat  uaeful  data  that  were  obtained  for  ICY  and  Operation  ArKua. 

6.  A  2.3-pound  radutlon  counter  and  a  dta«noatlr  payload  of  the  aame  weiaM  have  been  dc- 
atoned,  developed,  and  manufactured.  The  radiation-counter  payloads  were  used  In  the  last 
three  orbital  attempts. 

The  report  documents  the  development  andtesllnp  of  Ihe  aircraft-launched  salrllite-vehicle 
system  and  discusses  major  component  developments  and  tests. 

It  la  believed  that  in  addition  to  the  contribution  made  to  (Operation  Arpis,  the  esperience 
Pilned  In  this  program  ftreatly  enhanced  the  Nation'a  capabilities  in  space  research  and  develup- 
ment,  and  that  many  of  Ihe  components  developed  will  find  a  rcrurrmc  appiiraliun  in  this  coun¬ 
try's  space  program. 
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SATELLITE  LAUNCHINO  from  AIRCRAFT 


VSHKLK  AND  OafilTAL  CONCEPT 

Tor  etrula  tppllcailon*  «nd  (or  Uunchlac  •  rcUttrrly  tmall  pairload,  a  Mrlllt*  reStcle 
UunciMd  from  an  aircraft  hai  many  a<J*aata*»a  brcauae  <A  It*  »ue,  rrUllrtly  low  real.  Tcrta- 
tlllty,  and  itcntral  utHllr.  Svidlr*  unorrtakcn  prior  to  l^prritlon  Ar»ua  ladIcalMi  that  a  rrhlrlr 
could  b*  d«*l(n*d  wnlch  would  t»  inherently  iimple  to  nunulacture.  irantport,  airemble,  check 
out,  and  launch.  The  eatinated  coet  waa  lew,  and  rrlubility  »aa  believed  to  be  hiaK  ainre  the 
vehicle  would  uae  aimple  control*  and  reliable  aolid- prupellani  booater*  and  could  be  provided 
with  redundant  (lrin(  circuit*. 

Flfure  I  lUuMrate*  ihr  aircralt-launched  vehicle  a*  oriainaUy  conceived  and  the  Arnu*  proj¬ 
ect  team  ourinc  (he  early  ataae*  d  the  procram. 

Table  I  ahow*  the  phyaical  characterutic*  d  SUgtt  I  throufh  i  of  the  vehicle. 

ripire  J  illuetraie*  (he  launchtnc  concept  and  the  aeduence  d  variou*  *u«e*  Irom  aircrail 
launch  to  orbit. 

The  tateUite  vehicle  wa*  to  be  launched  at  huh  allltude  in  a  loft  maneuver  by  an  P4D-I  inter¬ 
ceptor  aircrajt.  The  vehicle  wa*  dealcned  to  place  a  I.S-pound  payload  in  a  1,000-mile  orbit. 

S  wa*  a  (ive-**ue.  unculded.  eolid-luel,  balliatu  rocket  which  wriyhed  apprntimalely  2, ISO 
pound*.  lanitlon  of  the  rocket  motor*  wa*  to  hr  *ta<ed  by  meterihk  lime  with  elrrlronir  device* 
ficept  lor  the  third  iitac*.  which  wa*  (ired  on  *n  ankle  to  the  horiaon  aa  meaiiured  by  *n  inirarrd 
•canner.  All  atafe*  were  to  be  aeparalrd  (rom  the  previous  eeprnded  stake  by  thrust  lorce*  at 
irution,  eacept  lor  Ihr  (Uth  *ta«e  (which  wa*  to  he  disconnected  by  a  small  srpuration  chereel. 
The  first  two  propulsion  •(*«**  were  lln-sublllied  and  the  last  three  were  ^lui-aiabilited.  The 
(Uth-atacr  motor  was  retro- mo'inted.  l.  e. ,  its  noxxir  pointed  oppiisitr  in  the  other  nncxle*. 

The  first  lour  stakes  of  propulsion  were  to  give  the  fifth  stage  a  hnriaonial  velocity  greater  than 
that  required  lor  orbiting  at  the  altitude  of  burnout  lapprosiirulrlv  SO  milrsl  of  the  (nurth  stsee. 
The  spinning  fifth  stage  would  act  a*  a  cyrort-p?  and.  Iherelore.  maintain  a  Used  orienuiiun 
■n  inertial  space  while  coasting  around  to  approsimati  .y  the  antipodal  pouit:  at  this  point  the 
fifth-stage  motor,  oriented  properly  with  the  velocity  vector,  was  to  he  lired,  placing  the  pay¬ 
load  into  desired  orbit. 

Figure  3  IS  a  photograph  of  a  complete  vehicle  assembly.  Future  4  shows  the  vehicle  being 
mounted  on  (hr  launching  aircraft,  and  Figure  S  is  a  photograph  of  the  vehicle  (hiring  the  lirsi 
stage  uf  (light. 

During  the  development  of  the  salelllle-'-rhirle  system,  numerous  (arilitirs  and  akilla  avail¬ 
able  at  the  .Saval  Ordnance  Test  Station  (NOTSl  were  brought  to  bear  on  the  program.  Pricli- 
rally  all  compeoents  were  drsignet',  labricaled.  and  tested  in  Ihr  research  and  development 
laboraloriri  and  the  rnginrering  ahops.  Figurra  6  through  10  show  a  number  of  the  hardarare 
components  of  the  propulsion  system. 

Figure  6  IS  a  picture  o(  (he  metal  parts  lor  one  »if  ih»  lour  motors  in  the  Iirst-  and  tecood- 
sUge  cluster.  This  is  the  HOTROC  motor.  Figure  .  is  a  photograph  ol  the  third- stage  motor, 
which  was  procured  Iroci  the  Alleghany  Ballistic  Laboratory.  This  motor,  designated  ABL  241, 

<  oi|«  proMiignl  charge.  Figure  8  is  a  photograph  ol  the  Inurth-alagr  8.0. mrh  motor  and 
the  payload  into  which  is  mounted  the  lllth-atagr  retro  rocket.  Figure  9  show*  Ihr  marhiniiui 
operation  developed  (or  processing  the  8.0- inch  extruded  proprilxnt  charge  (or  thit  motor.  The 
propellant  is  jP.N.  Figure  10  is  a  photograph  d  th*  liflh-stagr  3.0-inrh-dlameler  retro  rocket. 
This  motor  employs  extruded  double-base  X-t4  propellant,  which  ii  subaequtMly  machined  to 
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Flgurr  6  HOTROC  llrst-tla(«  motor. 


finurr  '  Third- motor  (ABL  241). 
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TABLE  1  PHYSICAL  CHAJUCTEBBTICS  OP  STAGES  1  THROCGH  S  OP  THE  VEHICLES 
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1  spherical  shape  to  mate  with  the  motor  chamber.  Ti^re  11  shows  the  static  test  facility  lor 
the  cluster  ct  HOTRCX;  firs:-  and  second- staite  motors, 

GROUND  LAUNCHING  OF  STRUCTURAL  TEST  VEHICLES 

Four  structural  teat  vehicles  were  ground  launched  from  the  NOTS  C-2  range  to  evaluate  the 
Integrity  cd  the  vehicle  design.  Two  of  these  vehicles  were  instrumented  with  land-line  telem¬ 
etering  equipment.  Figure  12  shows  the  vehicle  on  the  ground  launcher.  Prior  to  the  assembly 
of  the  rounds  (or  ground- launching  teats,  static-load  tests  were  made  on  components  of  the  air¬ 
frame.  Figure  12  shows  the  siatic-load  test  set-up  lor  evaluating  the  bird-cage  socticn  ol  the 
airframe. 

All  ground- launching  tests  were  made  m  July  and  August  of  19SH.  These  tests  employed  lit.- 
first-stage  motors.  In  the  first  test,  camera  records  showed  that  one  ol  the  first-stage  HOTHOC 
motors  ruptured  0.7  second  after  launch.  Examination  of  the  missile  after  firing  Indicated  a  rup¬ 
tured  motor  case,  which  was  attributed  to  a  marginal  design  or  rracaed  propellant  charge.  Twxi 
additional  structural  test  ve.hictes  were  launched  on  16  and  17  August.  Ground-camera  mortis 
showed  that  beth  vehicles  failed  at  approximalely  3  seconds  after  launeh  near  the  end  ol  burning 
of  the  first-stage  motors.  These  were  believed  to  be  propulsion  failures.  The  stabiluing  lin.s 
also  (ailed  to  withstand  the  air  loads  imposed  h)'  firing  the  round  on  the  ground;  however,  this 
problem  would  not  be  present  in  the  normal  aircraft  launching  of  the  missile. 

In  the  linal  ground-tiring  test,  me  iirst-  stage  motor  blew  up  on  the  launcher  at  ignition.  It 
It  believed  that  a  laulty  propellant  charge  was  the  cause  ol  this  failure. 

Since  all  (our  attempts  at  ground  launchings  were  unsuccessful  and  attributable  to  first-stage 
propulsion  problems,  every  effort  was  made  to  Increase  the  quality  control  m  the  manufacture 
of  the  propellant  charges.  The  design  of  the  propulsion  system  was  known  to  be  marginal,  but 
tlM  wu  raantng  out  to  meet  the  deadline;  hence.  It  was  necessary  to  settle  lor  quality  control 
measures  In  Iteu  of  a  redesign  of  the  first-stage  propulsion  unit. 

AIRFRAMB  DEVELOPMENT  AND  AIRCRAFT  COMPATIBILtTY 

Aerodynamics.  Th*  specifications  (or  the  externs'  geometry  ol  the  vehicle  were  drtericined 
after  wuM-lunncl  tests  and  s  scries  of  Ksle-model  firings  In  the  Aerofaalllstles  Laboratory. 
Figure  14  shows  the  scale  models  for  (hese  irMs  along  wtih  the  sabots  lor  use  in  firing  the 
models  (rnss  a  3-Inch  gun. 

The  atattc  aerodynamic  tublllly  and  dynamic  itabillty  of  all  the  rigid-body  modet  of  motion 
were  Inveattgated.  A  quaal-aleady  analyaia  of  the  stability  of  the  vehicle  and  Ita  varioua  atsges 
was  worked  out  and  atability  criteria  eitabitahed.  Figure  15  reveali  the  airframe  atrurture  or 
bird-cage  portion  of  the  vehicle. 

A  complete  au-degreea-of-lreedom  almulallon  and  program  haa  been  mrehan‘trd  (or  the 
(BM  704,  making  It  poaalble  to  examine  stability  concurrently  with  the  determination  ol  orbital 
trajectories. 

Sudlea  of  the  aerodynamic  coelflclenis  of  the  final  vehicle  were  made  at  the  Naval  Ordnance 
Laboratory,  While  Oak,  Maryland.  This  data  sras  used  by  the  Naval  Proving  Ground,  Dahlgren, 

•A  mxkf  a  complete  study  of  the  missile  performance  uttlixlr4  the  Naval  Ordnance  Research 
Development  Center  computer  facility. 

Aerodynamic  Heating.  Arrodynami.*  healing  was  studied  with  a  rad'anl-heat  facility  to  deter¬ 
mine  the  aoUity  o>  the  nose  cone,  paylosd,  and  lirst-atagr  tubilltutg  (Ms,  Including  most  ol  the 
external  structure  of  the  vehicle,  to  stand  the  predicted  rnvironnvrnt. 

Load  Crlterls.  Loads  on  the  vehicle  were  examined  both  as  an  airborre  store  and  at  a  Iree- 
lllght  vehicle. 

The  (In  structure  was  tested  lor  strength  ind  flutter  over  a  limited  range  of  conditions  Of 
full-scale  tests  on  the  NOTS  Bakrr-4  track.  Figure  16  shows  the  veh'cle  on  the  trick  swatting 
the  (In  ti  St. 
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Aircrait  CompMibihly  ind  Launchiiyi.  A  compatible  iiutallaliun  ol  the  vehicle  o«  the  F4D-1 
atrcralt  waa  achieved.  The  aircralt  perlormance  waa  biveatigated  relative  to  the  deternination 
ol  the  optimum  pull-up  trajectory  (or  taunchina  by  the  Oouftlas  Aircralt  Company  (DACi.  Alao 
a  limited  wjid-tunnel  profjram  «aa  conducted  with  (X\C  to  inveittKate  the  release,  launch,  and 
separation  ol  the  vehicle  from  the  aircralt. 

Instrumented  dummy  stoics  arerc  llown  on  the  aircralt  to  determine  aircralt  and  missile 
loads  durinit  all  phases  ol  the  airborne  (light  (rom  takeull  to  missile  release.  Alao,  alter  the 
LABS  gear  was  calibrated,  the  maneuver  was  practiced  (or  consistency  without  dropping  the 


figure  16  Vehicle  (lulter-iin  lest  on  B-4  track, 

store.  Ol  each  run,  internal  aircralt  Inslrumenlslion  as  well  as  csternal  camera  coverage 
recorded  the  aircralt  perlormancc. 

Four  prellminarv  test  (lights  were  made  to  ■‘etermine  il  the  F4D  aircralt  could  perlorm  the 
required  maneuver  lor  launching  the  saiellile  veh'le.  It  waa  learned  that  the  .^i-degree  pull-up 
could  be  achieved.  Two  (lights  were  then  suoresslu'ly  made  at  a  Sfl-degree  pull-up  aa  ah  aero- 
balllstlc  shape  simulaling  the  vehicle  was  dropped. 

Instrumentation  ol  the  sis  attempted  launchings  lur  oroit  revealed  the  lollnwinc  results: 


Desired  Launch 

Average  lor  Six  Firings 

Minimum 

Mtalmum 

Speed,  700  ft  sec 

689 

670 

750 

Angle  ol  launch,  s$  deg 

58 

57 

60 

Altitude.  3S.r00  It 

37.250 

36,800 

37.500 

Tvoic  2  IS  a  summarv  ol  Ihe  .irelim'narv  lovis  carried  out  to  evaluate  the  vehicle  design. 
Figure  I*  show.s  a  complete  vehicle  .structure  receiving  linal  inspection  in  the  engineering 
shop  prior  to  being  loaded  for  subsi-quent  evaluation. 

SCINTILLATION  COUNTER  PAYLOAD 

The  purpose  ol  the  scintillation  counter  was  to  measure  beta  radutlon  In  a  pnlar-orbltUif 
satellite  in  conjunction  with  the  Argus  experiments 
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OperttloraU  qwcilicAtioa*  and  elrcultrr  for  thr  Inatrumcnutlon  were  provided  by  Jamei  \'an 
Alien,  the  Sute  UntveraltT  of  Iowa.  Phyatcal  deal«n  and  conatructlon,  ayatems  compatibility 
aludica,  teatInK,  and  calibration  •ere  aceomplIalKd  by  peraonnel  of  NOTS. 

The  completed  payload  waa  to  meaaure  beta  radiation  that  etceeded  l.S  Mev  energy  level, 
with  the  Information  leleenctered  back  to  earth  vta  an  FM-FM  ayalem.  modulated  by  the  output 

TABLE  2  SUMHAHV  OF  NOTS  PHOJECT  riELO  TEdT  WORK 


Teata  conducted  at  China  Lake.  Califomta.  STV‘  Stfuciural  Teat  Vehicle. 


DftU 

Round 

No. 

Raaga 

Typ*  ol  leAt 

.S'umber 

rtf 

inatru  mania 

Prt>craain<  * 

l!tSS 

9  Jufi 

1 

C-l 

rtO  Aiicraft  TO*  pull-up 

23 

24  hr 

U  JUA 

2 

G-1 

f4D  Aircrolt  33*  pull-up  Ami  drop 

22 

Ni>  data 

13  Jun 

3 

G-1 

r40  Aircraft  33*  pull-up  and  drvo 

22 

38  hr 

13  Jun 

4 

c-l 

F40  Aircraft  33*  pull-up  aAd  drop 

> » 

38  hr 

^  JUA 

1 

G-t 

CrouAd  launch  hnrtton  acaAncr 

9 

2  «h 

13  JaA 

2 

c-l 

Ground  UuACh  horiion  actfwier 

9 

2  wh 

^8  JuA 

3 

0«1 

Ground  launch  Kftntitn  acaA.*i»r 

*♦ 

2  «k 

•  JmI 

4 

0-1 

CmuAd  laun(*h  horiton  acanner 

!♦ 

a*  Wk 

IH  Jul 

1 

G*1 

F40  Aircraft  3n*  p.ill-up.  n»dn>p 

•  2 

1  uk 

VJ  Jul 

2 

G-l 

F4G  Aircraft  3a*  $)ul«-.»p.  A.«dr«p 

22 

1  *ll 

19  Jul 

3 

G-t 

rtU  Aircraft  Ss*  pull-up.  isiUnip 

24  hr 

33  slut 

4 

0*1 

F41>  Aircraft  38*  puil-up.  Aodrop 

22 

1  »li 

33  Jul 

3 

0-1 

K40  Aircruft  38*  pull-up  and  drop 

24  hr 

33  Jul 

8 

G-l 

r40  Aircraft  38*  pull-up.  no  drop 

22 

1  *k 

23  Jul 

2 

0-1 

F40  Aircraft  38*  pull-up  and  drop 

■'2 

24  hi 

18  Jul 

1 

G-l 

KorUon  acaiuiar  lauAchnd  from 

9 

2  •k 

20  Jul 

2 

G-l 

F30  Aircraft 

Hoiiioii  ocaAMr  launchad  from 

9 

, 

20  Aug 

1 

G-t 

F30  Aircraft 

Preliminary  launch  of  STV  fntm 

2T 

24  hr 

i  Jul 

I 

0-2 

F40  Aircraft 

Gmunri  laCACh  STV 

so 

•«  hr 

20  Jul 

1 

0-2 

Ground  launch  ^TV 

M 

\<i  rovcrafc 

18  Aiuc 

1 

0-2 

OrtMind  ituncN  hi  V 

.34 

24  hr 

It  Aug 

2 

0-3 

Omund  launch  S”V 

34 

.*4  hr 

4 

B.4 

Fm-Flulter  Teal 

— 

8  JuA 

I 

H-4 

Accelerauon 

3 

No  procraaiiia 

13 

— 

- 

Urtaa  Kahraraal 

34 

None 

•lime  required  after  firing  (nr  data  proreaa’ng 


ol  two  scalera,  which  were  acaltn*  64  and  4,096  ttmra.  The  payload  ana  to  tavi'  £  ininimum 
radiated  power  of  3S  mw.  notninallv,  operattn*  at  106.00  Mr,  ami  with  an  eapected  lile  iil  2 
weeks.  Two  standard  subcarrters  o(  960  and  1.300  cycles  median  Irrquency  arere  sperille<l. 
Future  18  shows  a  complete  payload  packacr.  Figures  19  through  22  show  components  n<  the 
payload.  Figure  23  shows  thr  timer  lor  the  two  last>augr  motors  being  aasemtiled  m  the  nose 
111  the  vehicle. 

A  .severe  masimuRi  weight  limitation  o(  2.3  pounis  (or  ihe  complete  package  presented  sev¬ 
eral  dtllicult  problems  in  design  and  miniaturization  to  be  solved  bv  thr  personnel  ol  NOTS.  A 
weighi  table  for  a  completed  payload  is  given  in  Table  3. 

Thr  payload  development  included  design  n(  a  miniaturized  RF  transmitter  using  only  Iran- 
.Histors,  iraiiaiormrrlrss  subcarrirr  generators  using  a  temperature  itabilizrd  R-C  type  ol 
(renuency  control  system,  and  iranalormrrirss  FM  modulating  system  (or  Ihe  RF  trsnsmllter. 
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Fipirf  18  Complrtr  payload  parSoicr.  '.This  vir*  dors 
r.ol  sNtw  all  bialtrrirs,  or  turnsdlr  a.it'nna.  I 
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Funire  20  Pulsr-hTighl  iHstTimiiuloi  anO  m  *iiT*. 
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LnstrumrnUtion.  TSo  «('intilUnon  nxinlrr  roniii.Jftl  of  a  pUntir  srimilUtor  frmrniiNl  to  thr 
fare  a  phiMomuliipiK'r  (ubr.  %iih  a  pure*aluminum  abitorher  to  limit  !.V  m^aaurr* 

mrnta  to  ^uKicirntU  hu'h  I'ntTio*  lo\ris  and  a  mm'cuI  aluminum  collimaior  tarr  Fiirurr  19).  It 
aUo  had  a  puUi  ‘hriKht  di«rrimirulor  t«i  *vt  tbr  rnrro’  ln\rl  lor  CHinting  at  1.5  Mfv  op  atx)vr. 
%ith  ^ralrr  »'«'unirpa  «i|  64  and  4.0<^  time*  and  cmillrr-loilowr  ocipota  lor  krying  Ihr  aubcar* 
rirr  cnnrraiora. 
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Included  with  the  tnitnineniatton  lecticn  ««•  design  and  ronatnietion  o(  a  regulated  high- 
voltage  aoui'cr,  uttllting  a  tranaialOi  t.>verter  syairm  laee  Mgure  24). 

Tranrmitter.  The  tranamltter  operated  at  lOS.OO  Me  nominally,  with  the  (reque.-Ky  rontrolled 
to  close  tolerance  hy  means  cl  a  third-overtone  cryaul.  The  oscillator,  utilltlng  a  Type  2N?00 
translator,  operated  at  S4.00  Me,  driving  a  doubler-amplUler  that  utilised  two  Typt  2MSOO  tran¬ 
slators  in  a  parallel -grounded  base  conllguratlon.  The  FM  transmitter  delivered  20  mw  to  the 
antenna  system,  the  output  level  being  adjusted  to  the  desired  amount  by  proper  selection  ol  a 
bias-resistance,  limiting-emitter  current  ui  the  oscillator.  This  adjustment  was  made  prior 
to  potting  in  the  completed  payload. 

Frequency  modulation  ol  the  traaaaitter  was  accomplished  by  varying  the  voltage  applied  to 
the  oscillator.  In  accordance  with  the  combined  subcarrier  aKwhiUtiii,''  signal,  vis  the  special 

TABLE  3  WEIGHT  TABLE  FOIt  TYPICAL  PAVLOAU 
NOTS  Pmecl  Psviowl.  T\pe  A 
Items 


'Vofttt  tr. 
Grams 


1,  tKitff  oase  *fsl  i*o\er  U*" 

i.  (hint  -  i; 

i.  Tumilite  antenns.  cups  and  C4>vrr«  13 

4.  IVttift*  oompKiftrf  MS 

5.  Aatteries  Sour  t>prrali**ni  473 

**.  Hifh  wltsfe  aufjpiv  <c<tA\erteri 

7.  Msipteiio  thicM 

PhrMomuIttpIter  tubs  iHCA  ^l!**.*• 

Collimator  I** 

I".  Adapter  4 

M.  plastic  shield  S 

17.  Scintillator  iplaatici  1 

1.1.  INilsedieKtii  discriminaior  70 

1 4.  Scalers  dbiw  uit  Uiarda*  *«,1 

IV  T'anam.***** . .  4. 


r  *tai  jMTisnt  7  y  ^ 

modaUttng  sv.strm.  Tht*  irvlt’S  o!  moduUlum  u-aj*  adiuM«Ml  h\  M-ttinc  ihe  |rvrl>  of  thr  individual 
NuPcarricr  «iCTial.^.  Fii;yrr  75  i,>  the  v’lrcuil  duiiram  »'!  ihr  RF  tra^vmittfr  and  nvxiuUtnr. 

Suhcarrirr  Oenetators.  0ocau^e  of  the  sricrs  Iimitationj,  it  A'as  nrcrssarv  to  drvrlop  « 
new  translormfrles.s  tvpe  id  suhearnrr  »:rnrrator  The  uvnoraiors  were  drsipird  to  oprratr 
in  the  standard  Nulvarncr  ^hannol^  of  9f0  sim  i.oOO  cy  irs  mt'dian  frequency.  They  were  of 
the  FM  type,  being  deviated  tx'Jiten  t  5  iwrfent  limits  hy  the  oU-im  ivpe  signals  from  the 
vmittf  r-fnilower  outputs  ot  the  scalers. 

The  subcarrter  generators  w**re  of  new  design  wtth  a  li>w  power  requirement,  using  temper* 
ature-stabiliied  RC  frequency  contiol  circuits,  and  were  stahilued  between  ♦  10  C  and  ♦  60  C. 
The  degree  of  .Vsiation  wtth  a  gt\cn  Mgasl.  sersus  temperature,  was  nig  lineartted.  Thti  was 
n('4  thought  to  bi'  ne\'e*t\arv.  because  of  the  nature  of  the  modulation,  so  long  as  the  frequency 
did  not  drift  outside  of  the  channel  hmits.  Therefore.  »4  me  divergence  of  the  excursion  limits, 
with  an  increase  in  tcmf>erature.  was  ignored 

5e«eral  tvp«*s  of  alternate  design  were  tried,  but  all  had  serious  adverse  effects.  Since 
wrigfst  limitations  did  n<><  permtt  'isr  ,r«n*core  inductances  o<  normal  dimensions,  an  attempt 
was  made  to  u.ie  Ox  'n-ounce  transformers  as  inductances,  as  well  as  other  subanmiature  de* 
VICfS- 
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Thclc  method*  *U  proved  un*at**.'*ctor)r,  a*  they  were  hlgtay  lenilllve  to  change*  tn  both 
supply  voltage  and  temperature.  Proper  deviation  ot  their  (rr<|uency  waa  dllllcult;  the  output 
wave  lorm  wa*  very  poor,  changing  radically  with  deviation  of  the  frequency  and  with  alight 
change  In  supply  voltage. 

Modulation  3y«tem.  Since  no  Iron-core  device*  could  be  uaed.  a  modulating  circuit  (or  the 
HT  tranamitter  wa*  dealgned  ualng  a  Type  JNKM  Iran*! (tor,  operating  tn  a  commor  collector 
configuration.  Thia  modulator  varied  the  voltage  applied  to  the  RF  oaclUator  in  accordance 

Pl«*lie 


Figure  24  Schematle  of  the  •ctnilUator  counter. 

with  the  mochilatlon  aignal.  This  circuit  had  unit  voltage  gal^  thereby  applying  an  identical 
ilgnal  to  tie  oactllator  circuit  a*  that  of  the  combined  modulation  ilgnal.  It  had  a  still  bias 
circuit  10  prevent  distortion  of  the  modulation  signal  with  temperature  rt*ea,  with  a  secondary 
purpose  of  bypassuig  part  ot  the  necessary  osctllator  current  around  the  modulating  transistor. 

A  modulation  pre-amp  miser  stage  was  used  to  enable  proper  adjustment  ul  modulation  levels 
and  proper  combining  of  the  two  subcarrter  signal*  into  a  single,  complex  moihilation  signal. 

Antenna  Syitem.  A  unique  system  was  designed  lor  this  application,  having  good  impedance- 
mao-sint  characleriatici  and  radiation  elllriency  at  all  limei. 

In  the  primary  mode  ot  opcrvlion.  hv  meant  ol  the  lurntiile  ronligurallon,  le<-d  to  the  first 
elementt  waa  acrompliahrd  by  equal  l•':'..'vbs  of  l'..l.■)lalure  .tn.nhm  roaxial  .  ..-ion  Ion-. 
These  element*  were  spared  opposite  each  other  on  the  payload,  led  by  inu.vidual  coupling  roils, 
180  clerirical  degrees  apart.  The  second  riements,  alao  opposite  each  other,  but  90  degrees 
Imm  the  Krtl,  ser"  led  irem  the  lirst  elements  bv  means  of  qusrter•wave•^‘'^'ln*  seciions 
Fach  element  was  led  90  degrees  Irom  Us  rrspcviive  llrM  element.  This  resulted  In  a  quadra- 
•■c  c  'niiKUralion,  vilh  each  element  located  physically  90  degrees  Irom  any  artjarent  one  and 
excited  90  degrees  Irem  any  ad'arent  one.  Field. strength  messuremenlt  showed  the  pattern  lo 
be  orarly  a  sphere  nl  radiated  signal,  with  the  antenna  actually  radiating. 

Radlatlcn  in  Ihe  secondary  mode  of  operation  was  by  meins  ul  Ihe  modilled  dipole,  to.'Sted 
In  the  nose  cone  ol  the  missile.  This  mode  was  (or  purposes  (d  irarking  during  ihe  limn  that 
the  missile  was  borne  l>y  Ihe  launching  p'aiie  ind  during  lirlng  ol  Ihe  lirst  and  second  rocket 
phases  <il  propulsion,  upon  firing  ol  the  third  rocket  phase,  mode  changed  to  the  primary  one. 

Since  no  prolulierances  could  be  tuirraled,  Ihe  dipole  antenna  lor  Interim  radiation  was  nee- 
'ssarllv  installed  wilhm  the  (iberglaaa  nose  cone  (Figures  i6  and  27).  It  was  necessary  to  ex¬ 
tend  Ihe  elements  along  Ihe  length  ol  the  nose  cone,  the  required  length  of  the  elemcnli  being 
approximately  26  inches.  This  lad  prenenled  a  problem  m  avoiding  cancellation  ol  signal,  due 
lo  Ihe  nearly  parallel  jiUcement  ol  the  elemcMi.  Thli  problem  was  solved  by  extending  Ihe  ele- 
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mtntt  only  *  ihort  dlMinc*  Iroa  tlw  poMt  u(  (Mil  la  a  parallrl  auMwr.  Each  fltnanl 
«*i  tlitn  apIralMl  *t  a  di-dvfn*  aii(l«  with  raapMl  to  tht  l(M«ltudlaal  aala  o4  tha  noao  com. 

Thla  can  bo  Tlaualliod  b*  lauftnlac  oao  la  tookint  through  tha  aoaa  tona.  At  aonaa  parttcular 
poim,  whara  tha  altaaala  ara  apiralad,  thay  wouM  appaar  to  ba  at  rlgM  anglaa  artlh  aach  othar. 

Thia  nodUlad  dlpola  waa  lad  IM  alactrtcal  dagraaa  apart  at  tha  poaltkm  ul  tha  tirat  alaaarala 
oi  tha  turnatlla,  through  coUad  and  ahortad  turnaiila  alaaaaata.  Tha  aacond  aat  U  alaBaanta  (4 
tha  turnatUa  wara  alao  coilad  and  ahortad  out. 

Good  Impadaaca  Mtch  to  tha  tranaaitttar  wan  obtaiaad  during  both  Modaa  o(  oparallon,  with 
aacallaid  loading.  Actual  (laid  atrai^h  pattam  aiaaauraaianla  war*  not  wiada  od  tha  Intarlm 
moda  ol  oparallon,  howaaar. 

Unigua  daiign  waa  amployad  tn  providing  tha  ragulallaa  lor  both  aodaa  od  oparallon.  I  waa 
nacMury  lu  provida:  (1)  turnatlla  conilguratlon  (or  tha  prinwiry  ntoda  od  aparallon;  (1)  dlpola 
conllgurallon  (hiring  Intarini  oparallon;  (J)  raialnli^  cupa  In  tha  payload  ihln  lor  carrying  tha 
turnatlla  alaaMnli  during  dlpola  oparallon,  wMh  connactlon  anchort  at  tha  caidar  point  cd  tha 
payload  tidawall.  In  aach  can*;  (4)  tnlann*  cup  covara,  upon  which  tha  coilad  lumatlla  alaaantn 
ara  tupportad  until  auch  lima  at  Ihty  ara  ragulrad  to  ba  aalandad  lor  uaa;  (hi  a  raaana  od  abort¬ 
ing  out  aach  turnaltia  alamanl,  during  dlpola  oparallon,  to  pravani  Intaractlon  with  lha  trana- 
miliar,  dua  lo  InducUnca  changaa  ranullli^  (roaa  vibration  and  ahoch;  (I)  a  maaaa  ol  laadlag  HE 

10  lha  modlllad  dlpo'a  antanna  durtM  Intarlm  oparntlon,  from  thr  dinablvd  turnatlla  airmanit; 
and  (71  a  aura  maana  od  lorclng  payout  od  lha  lurnMtla  alamania,  at  auch  l.ma  aa  thay  ara  ra- 
gulrad.  In  auch  a  nanntr  that  (hay  would  not  langlr  during  lhair  amrndlng. 

Aniann*  cupa,  approilmalaly  %-lnch  daap  and  I  Inch  In  dlamalrr  w*ra  tacurrd  Into  holaa  In 
lha  aldawall  od  lha  payload,  with  connacting  nnchora  loratad  nt  tha  ctntar  point  ol  lha  can  nMt- 
wall  and  bottom  ol  aach  cup,  Thaaa  wrra  (or  connacllon  od  rach  Itad  llna  IMamally  and  aach 
lumMlla  alanMht  aalarnally  (aaa  rigura  U). 

Covara  lor  aach  cup  wara  uaad,  upon  which  wara  aupportad  lha  cuUad  lurnallla  alamania. 
Through  aach  cover  waa  a  atrandad  aira,  (nr  aMarnal  cnnnactlan  In  (ha  dipula  alaatafUa  at  tmi 
poailiont,  and  two  |arh  wiraa  at  (ha  othar  poalllona.  Marnally,  lha  atrandad  wira  wa*  iu~4t«d 
ml  trimmad  to  thraa  atranda,  two  atranda  bring  connactad  Ulraetly  to  thr  ballad  uular  and  od 
each  lurnatlla  alaatant.  This  waa  lo  putt  lha  and  od  tha  wiro  outward  at  auch  liana  ta  lha  rnvar 
waa  puUad  twiy.  Al  lima  ol  aaaandily,  lha  aingla  ali'and  waa  cnnnarlrd,togTlhar  with  tha  turn- 
iltia  altmata,  into  (h*  connacitng  anchor.  Thin  yoka  prnvidad  lha  maana  n(  lorclng  payout  <d 
lha  turnatlla  alvnanl  aa  lha  covar  waa  ripped  away  al  arparttliin  id  lha  payload  from  tha  mlaallr. 
It  alao  proviord  tha  nactaaary  aborting  ol  thr  coilad  lurnatlla  alamanl  during  dlpola  oparallon, 

Tha  arguanca  ol  (iotng  Ihla  waa  aa  (oilown:  Each  covar  waa  ovrrlald  on  lha  Inner  nurlarr  with 
a  “Ucky  waa'*,  upon  which  waa  apiralad  thr  lurnatlla  alamanl,  aiartlng  al  lha  nuirr  rdga  and 
coding  toward  lha  ranlar.  The  lurnallla  alrmanU  ware  ol  gold'plalrd.  annaaird,  braidad  roppar 
wire,  AlUr  apiraling  ol  lha  a  -n  "t,  a  aoil  ol  ralainlng  Iwnhal  waa  laahionad  by  uaa  nl  a  ilmtla 
•Irand  ol  wtra  around  lha  cin'ai  ,  roaaing  tha  apiralad  alamaiu  in  auch  dlracllon.  The  waa  waa 
navi  dinaolard  nut  lay  inaara  ul  a  dagraaaai,  and  lha  connacllon  ynka  tnatallad  (aaa  rigurt  )(), 

Upon  aaarmNy  nl  lha  payload  In  thr  mianllo,  (hr  praviuualy  prrparad  antanna  alamanl  waa 
Inalalird  In  ra>  h  cup,  lira!  placing  a  amall  plug  ol  tibrrgliaa  wool  wllhln  lha  cup,  TMa  waa  tn 
lirar  aaainal  tha  roiltd  antanna  alamanl  lo  hold  lha  apiral  In  plara,  altar  ranu/att  od  lha  llna 
vlrind  (Mtlirt,  Tha  haakat  waa  ramovad  al  lha  lima  <d  aaaambiT.  Tha  covar  waa  than  bald  ih 
pua,'  by  a  place  ul  lapa  <wdy  until  lha  payload  waa  arcurr  in  lha  miaa  cone  ol  lha  mtaalla. 

Altar  partial  Inaartion  nl  tha  pay  oad  into  lha  note  rona,  connactinn  waa  made  to  lha  vlaananta 

11  lha  modUIrd  dlpola  and  lha  two  |ark  wiraa  Al  aach  ol  Iticaa  polnla,  lha  nnaa  rona  had  bean 
praparad  with  a  larger  plaaa  ol  lli<ar«laaa  wool,  which  Inlitad  doubla  at  lha  payload  waa  Innrriad. 
TMa  proaidad  ronatdarabla  prraauii  aga>iiM  each  cup  covar  to  hold  II  tn  puev  until  aaparallon 
Irom  lha  mtaalla. 

Tharainra,  aa  lha  payload  moaad  nut  ol  Ih*  cena,  lha  Intarlm  dlpola  alamania  and  tha 
lark  wiraa  would  lift  amiy  lha  covar  (mm  each  anirmvi  cup.  Tha  doubla  alrand  In  each  yoka 
would  start  lo  taill  lha  Irra  and  ol  each  rlauaaig  out  ol  the  cup.  Slamiltanaoualy.  lha  aligilt  atrand 
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ot  the  yoto  «o<Ud  br««k  at  tht  coonactlac  aoctaor,  rtrecvtaf  tin  aliort  froai  U»  turnMtle  elemeid. 
Cxtendlac  ol  aach  rlinaot  would  cootlaua,  wMhcr  or  net  tba  yoke  brokt  away  from  the  end  ri 
Um  altBMnt,  dua  to  ctntrUufal  lore*  (rotation  la  S  cpa).  Th*  Aial  atrand  ol  th*  yak*  would  rip 
aawy  Irota  UM  wkl  of  aach  altBant,  la  any  «v«at,  at  Um  and  od  payout. 


Walftt  Maaltatlona.  la  Um  antlra  paylond,  coonponanta  w*ra  ctran  apaclal  attention  retard- 
U4  tlMtr  nitsMbMaa  and  taaiparatur*  alabUlty,  and  Um  llcktaat  typa  waa  aalactad  where  thara 
wan  a  ehok*.  SutaaaaaMbllaa  aMiw  a<  priatad-ctreult  daalfn  to  enahla  raductlon  ot  walfM  with¬ 


out  laerUlelnc  dapandablllU  «Vravar  poailbla.  The  RF  tranaDilltar  waa  madr  on  a  rhasata  of 
braaa  ahim  alock,  appro?  ultly  rrimpad  and  allltanad  to  make  an  aatramaly  ll(M  aaaambly, 
ualnc  air-cora  coila  atill-nrd  with  apoay  raain. 

The  aubcarrlar  nanarator  boarda  war*  mounted  on  aach  aide  uf  the  RF  Iranamittar,  allaotlaaly 
ihlaldint  the  uncoupled  radiation  cf  the  tranamitlar,  without  aatra  ahlaldlnit.  Thla  raaullrd  In  a 
complete  Iranamittar,  aubcarriar  and  modulator  aaaambly  waiahinc  only  yrama. 

Packatlnt.  The  completed  payload  waa  tn  the  lorm  of  a  douiihnut,  7',  'nrhaa  In  diameter  and 
2't  Inchea  ht|h,  with  a  J-Inrh  ranter  hub.  Into  which  araa  tnatalird  the  rnrkat  motor  lor  the  llnal 
phaae  cf  propulaion, 

Rlyldlty  tor  the  entire  aaaambly  waa  allordad  by  uaa  of  a  loam  pottlnt  compound.  Thla  waa 
uaed  lor  prayentlon  of  advarae  allecta  Irom  vibration,  shock,  and  arcelaratlona.  ARar  Inatal- 
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Utlon  o<  the  codjcul  trmnuniulon  Itnt*  and  antenna  relalnln(  cupa,  fllfte  jua^ter  termtnal  board 
and  (eed-tbrou(h  Inaulatora,  the  entire  container  traa  (Iven  a  preliataatT  polttnc.  Thlc  was  heat- 
cured  for  added  atrencth.  The  compound  <*aa  then  channeled  out  to  permit  laetallalldn  of  the  ear- 
lout  eubaaaembllea  and  batterlea,  Uluatrated  la  Flturc  M. 

The  aubaaaembtlea  and  batterlea  were  carefully  placed  la  the  chaaael,  ao  aa  to  (lee  (ood  ap- 
proalmatloa  of  balance.  Conaectlona  were  then  autde  to  all  compoaeatt.  All  Iteaa  were  placed 
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Flfure  30  Payload  raee  and  antrnna. 

with  their  ftravity  centers  at  the  midpoint  of  the  channel,  an  nearly  at  pottible,  lor  (uod  dynamic 
balance.  Good  balance  was  then  accomplished  by  use  of  a  ball-bearina  (tmbtl  mounted  In  the  hub, 
supported  from  the  celllna  by  a  strinp.  Compensations  were  then  made  and  the  final  potlinp  done. 
Balance  was  then  attain  trimmed  by  slipht  cuttinp  away  of  poninp  material  or  insertin«  small  cop¬ 
per  wire  at  the  periphery  ol  the  packaice.  when  necessary. 

Source  of  Power.  A  most  imporlant  consideration  was  the  power  source.  From  the  start.  It 
was  borne  in  mind  that  the  protect  could  be  successful  only  if  orsitn  eras  in  such  a  manner  that 
the  various  subassemblies  a.nd  devices  required  low  power  runsumptions.  Fxcesatve  power  re¬ 
quirements  precluded  the  use  of  commercially  available  assemblies.  Mercury  ballcriet  were 
chosen  lor  their  pood  characteristics  under  chances  l.i  ten-peralure,  abtltly  to  eperate  in  vacuuai 
ind  lor  their  acceptable  power-versus-weiitht  characteristics.  Their  dlaaewiona  and  conflttura- 
lion  also  were  (uod,  an  that  packaamii  was  less  difficult. 

Other  Considerations.  Prinled-circuii  flmhl  jumper  boards  were  insialled  In  the  skin  of  the 
payload  so  that  external  power  sources  could  be  used  lor  all  lestinii  and  adjustawnt,  leavtnc  the 
internal  power  sources  lor  actual  payload  use.  This  permilint  actuation  o(  the  payload  at  the 
last  moments  before  lakmll. 

It  was  necesaary  IhsI  the  jiayload  provide  twtterv  power  for  operaltisi  of  a  squib  llrtn(  timer 
assembly  and  that  squib  Irsda  be  carried  throuKh  the  payload.  This  sraa  accosspltihed  by  ustnc 
common  oalteriea  lor  the  high  voltage  inverter  internally  and  the  timer  Inverter  eitemally. 
Connection!  were  made  via  feed-through  Inaulators  InttaUed  In  the  package  skla. 
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R  vns  neceiury  to  provide  a  meuu  d  Increutnf  RF  nidut'on  at  an  eleTatloo  suiltctently 
high  (or  (Lival  check  with  the  mtcrolock  atatton.  Juit  prior  to  takeod  ol  the  Uunchlng  plane.  Thia 
waa  accomplUhed  by  ahock  exciting  a  oipole,  elevated  on  a  pole,  by  taping  a  abort  aection  ci 
each  end  o(  the  tranamiaalon  line  directly  over  the  tnterlan  dipole  radiator. 

It  waa  found  that  RF  radlatton  near  the  acinttUator  or  photODultlplIei  cauaed  a  change  tn 
count  when  a  voltage  waa  permitted  to  develop  tn  that  proximity.  ThIa  wax  overcome  by  lorat- 
ing  one  o(  the  aecondary  turnatile  elementa  approximately  midpoint  ol  the  complete  actnttllatton 
aaaembly.  With  the  current  node  and  voltage  null  located  In  thta  manner,  no  adverse  ellect  waa 
cauavii. 

Another  Important  conaideration  waa  the  returning  o<  all  battery  aourcea  to  a  common  potnt 
at  the  RF  tranamitter.  By  permitting  no  aourcea  c4  common  coupling,  apurloua  eKecta  were 
not  produced. 

At  the  time  ol  a  .>embly,  a  piece  at  cotton  waa  purpoaely  contaminated  with  a  radloacttve  lao- 
tope  (P^:  hall  Itle  14.3  daya)  and  placed  tn  the  collimator  ol  the  acintillatlon  counter  lor  the  pur¬ 
pose  ol  providing  a  aiandardixing  background  count.  Conttnued  correct  operation  ol  the  payload 
waa  determined  ui  thia  manner,  f  hla  method  alao  served  to  calibrate  and  adjum  the  pulae-height 
diKrImuiator  to  the  correct  energy  level  ol  1.5  Mev. 


Tracking.  That  this  ayatem  operated  elllclently  was  attested  by  the  (act  that  the  NUTS  micro- 
lock  station  waa  able  lo  track  the  miaatle  on  the  aircraft  from  takeoll  until  missile  launch,  at 
which  lime  (unction  waa  terminated  due  to  miaatle  (allure.  This  waa  at  a  distance  ol  approxi¬ 
mately  ISO  mtlea  with  the  mlaaile  going  approximately  5  degrees  belnw  line  ol  sight,  due  to 
intervening  mountain  ranges, 


PROGRAMMING  SYSTEM 

One  d  the  most-critical  components  In  the  system  is  believed  to  have  been  the  horixon  trigger. 
R  vrks  a  telescope  with  a  narrow  Held  nt  view,  and  had  an  infrared  sensitive  cell  at  its  locus.  Ra 
optical  axis  waa  al  a  13-degree  angle  with  the  vehicle  axis.  Figure  31  shows  the  horlkon  ncanner 
being  Installed  In  the  vehicle.  When  the  spinning  vehicle,  with  its  spent  first-  and  second-stage 
motors,  achieved  an  altuucle  ol  3  degrees  with  respect  to  the  local  horUontal,  IR  radiallon  Irom 
the  earh’a  surface  waa  delected  by  the  IR  cell.  The  cell  generated  a  pulse,  which  waa  amplified 
by  translator  ciriuitry  until  II  saturated  the  output  transistor.  The  saturated  output  pulse  was 
inlegraled  such  that  the  aecond-slage  motor  was  to  be  llred  when  the  earth's  horixon  had  been 
scanned  lor  at  least  (our  timet.  The  purpose  ol  the  horixon  trigger  waa  to  determine  the  all- 
imporlant  vehicle  altitude  al  perigee  lo  that  the  second-  and  third- stage  velocity  vecl.ira  would 
be  added  in  the  correct  direction.  The  horixon  trigger  would  oiler  a  mevis  ol  nullifying  errors 
n  initiil  irajeclory  resulting  from  lirst-sixge  mass  asvmmrtriei,  ihrual  malxllgnmem.  a-vl 
deviatiiii.  u-  I'rcralt  aximulh  and  vehicle  release  angle. 

Belore  the  lirst-stage  booster  was  llred,  a  sale  veparallon  distance  o<  about  500  leet  between 
aircraft  and  vehicle  was  assured  with  a  5-serond  delay  timer.  As  previously  explained,  the 
second-stage  booster  was  llred  al  the  end  ol  a  coast  period  by  action  ol  the  hariao,i  trigger. 

The  llring  system  provided  an  enabling  timer  to  prevent  premature  operation  ol  the  horixon 
trigger  Irom  the  sun  or  other  sources  ol  IR  energy.  Fourth-  and  lilth-suge  boosters  and  the 
explosive  c.harge  lo  separate  these  stages  were  lo  tie  (ire,l  by  additional  electronic  timers. 


HORIZON-SCANNER  TESTS 

Four  horixoo-scanner  ground  launchings  were  made  Irom  the  X.H  launcher  lo  determine  the 
perlormance  ol  this  component  Test  rondilions  called  (or  launchirg  the  scanner  on  an  HPAG 
rocket  motor  at  an  angle  ol  55  degrees  above  the  .loriion.  Thu  aiun  allowed  the  scanner  lo 
go  above  the  horixon  and  come  to  a  parallel  o-asitiun  relative  to  the  iTound  al  which  time  II  was 
supposed  10  lire  a  spoiling  charge  Indicating  proper  luncltonlng  ol  Ih.'  sesnner. 

Figure  32  shows  the  scanner  test  vehicle  on  the  ground  launcher  prior  to  Itring.  The  teat 
results  Irom  these  (irtnga  and  two  aircraft  tirlnga  were  not  conclusive.  In  these  testa,  the 
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pretmture  trKtcrtnC  o<  Ux  horuon  t*lt*cop*  bf  mu  flutls  IwUcatml  Ih*  n*«d  (or  an  (nat41n< 
tlnxr  to  gata  (ha  parted  at  oparatlon. 

GROUKO  RICEIVINa  STATIONS 

Work  on  rtcalatnc  atatlona  was  Initlatad  wuh  tha  Sqtlorar  aaiaUKa  profirau.  A  mierolock 
station  waa  boUl  at  NOTS  and  oparatad  In  connactlon  with  a  nuaabar  o(  tha  aarly  aataUlta  pro- 
iranu.  Tha  unlqti*  Iratura  ol  tha  NOTS  atatlona  la  thatr  Improvad  capabUltr  (or  rapid  (raquancy 
scan.  For  (^ration  Argua,  tour  additional  portabla  atatlona  arara  oparatrd  to  rreord  dopplrr 


snd  irlrmrirrlng  data  (rom  Esplorar  (V.  Flgurr  shows  a  lypiral  tnirrolock  ground  racrivar 
station.  Units  with  lhair  raitsiUtad  powar  supply  wara  air-lralghtad  by  MATS  to  Naw  Zrsland, 
Alarka,  Graanland,  the  Aioras,  and  Hawaii,  whara  they  wara  nparatad  by  NOTS  parsnnnal. 
Figura  J4  is  a  map  showing  srorld-wida  ro*arasa  and  locations  ol  ground  racaivar  stations, 
rtgura  33  shows  a  parkagad  atation  arriving  In  Naw  Zaaland,  and  FIgurat  33  and  37  show  tha 
siatiin  sitas  in  Alaska  and  .Saw  Zealand,  rwia  (rorn  330  passes  ol  Eaplorar  (V  wara  sent  to 
Van  Allan  at  the  L'liivarsily  n(  Iowa.  Tease  stations  have  ronsislanlly  picked  up  a  10- mw  signal 
ilrom  Vangvurd  (I  at  a  slant  range  ol  3.000  miles 

The  mierolock  svslam  is  designed  to  recover  two  Ivpas  o(  Ininrmalinn.  dopplrr  (rasuanev 
and  Iclrmcti  ring.  Two  techniques,  railed  a  tracking  Itllar  and  a  linear  dalictor.  ar*  used  In 
increase  rei river  sansilii.tv 

Tha  basic  protilam  in  reeaiving  low-la\al  signals  in  the  lOO-Mc  region  is  detecting  them  tn 
the  presence  ol  g.ilactir  noi,sa  Tha  mrasura  ol  how  wall  tha  probirin  is  being  solved  la  callrd 
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gion),  a  local  circuit  itncraira  a  goorf  app'oalnu.ion  oi  Ihr  Incoming  and  the  midhemallra 
a(  ttw  detection  proceia,  aa  Indicaird  in  Figure  39a,  demontlratfa  that  the  algnal-to-nola,?  ratio 
Is  prei!‘:-ved.  This  can  be  contrasted  to  F.^ure  39U  «hcrt'  the  detection  process  reduces  the 
atgnsl-to-nolse  ratio,  especially  at  li*  signal  levels. 

At  the  completion  ci  Operation  Argus,  the  ground  receiver  stations  sere  returned  to  MOTS 
and  work  has  continued  on  Increasing  their  portability  and  readiness.  During  one  of  the  Atlas 
lirlngs,  a  receiver  station  was  pul  Into  operation  within  less  than  4  hours  alter  atrcrall  delivery 
o<  the  station  to  the  selected  sites. 

To  support  the  receiver  station  network,  NOn  utrd  Its  IBM  computing  center  to  il*lernuie 
ephemerldea  lor  Eaplorer  tV  from  liie  doppler  data  taken  from  the  live  receiving  stations. 

ORBITAL  ATTEMPTS 

Three  orbital  allempta  employing  vehicles  with  diagnostic  pnyluaris  were  made  on  IS  July, 

12  August,  and  2J  August.  On  2S,  26,  and  2S  August  19S8,  three  additional  attempts  were  made 
with  the  scintillation  counter  payload  aboard.  All  lirlngs  eirept  the  22  August  event  mallunc- 
tloned  during  the  lirst  stage  aa  the  result  ol  propulsion  dilllrulllrs  or  altitude  Ignition  problems. 
On  the  22  August  launrhlna,  crystal  control  <■(  the  payload  tiansmitter  Irequenry  sras  Inst  |uM 
prior  tc  launch.  Three  possible  passes  were  recorded  but  a  complele  review  ct  Ihe  data  rtxild 
not  juttily  an  orbital  clslm, 

Table  4  aummarltet  Ihe  major  teat  results  In  the  program  and  reeapHulatrs  the  analysis  ol 
results  obUlned  in  the  iia  orbital  uitempta. 

CONCLUSIONS 

The  dtiticult  task  ol  develo, .  .g  a  romplele  airrralt>launrhed  aalelllle'vehirle  system  and 
manulacluring  and  launching  i  .idea  with  payloads  lor  Operation  Argus  was  arcompUaht>d 
wuhin  (he  thorl  span  ot  6  moniha,  This  included  the  development  n(  three  new  meket  motors, 
high-altitude  Ignilera,  an  lnlrared>sentuig  horlson  trigger,  and  aperlal  eleetrnnir  llmers,  The 
total  structural  weigM  at  this  vehicle  was  limited  to  5  percent  ol  Ihe  overall  lolal  vehicle  weight. 

The  technique  ol  aalely  launching  salellite  vehicles  from  atrcrall  at  high  sllitudes  in  a  loll 
maneuver  was  sucreaalully  d<  '.KMittrated,  Acreptable  and  reprwlurihle  inltul  aircralt  launch 
conditions  were  obtained  by  Ihe  several  pllnia  whu  were  trained. 

A  World-Wide  network  <■(  highly  auerraalul  pt'rlrble  microlork  ground-reeeiver  stations  was 
built,  d<  ployed,  and  used  to  obtain  valuable  KlY  ind  Eaplorer  IV  dau.  Some  JTO  telemelerlng 
rerorda  obtained  by  these  siaiinns  while  monitoring  Eaplorer  IV  (or  a  period  ot  approaimately 
30  days  were  lorwarded  In  the  Slate  Univrrsilv  ot  Iowa,  h  hat  been  reported  that  Ihete  data 
were  among  in,'  m'-sl  uselul  obtained  on  Eapl.irer  fV 

The  NOTS-developed  riallons  have  an  improved  eapabilily  lor  rapid  (requency  sean  and  ran 
lie  In  operation  In  3  lo  4  hours  Iroin  Ihe  lime  li>ey  are  rereivid  al  any  given  Inratlon. 

An  IBM  program  lor  conpuling  aatelilte  vehicle  iwrlormance,  missile  Inleranres,  and 
ephemerides  lor  salellitei  Irnm  <t<q>plrr  da's  hat  been  developed  and  applied  lo  Ihe  data  re¬ 
ceived  Irom  Eaplorrr  f\'.  A  ala-degrees-ig-lreedom  progr.m  atudy  has  also  heei.  rompteled 
lor  delermiiulioo  W  orbital  irajertorirs  ronrurrenitv  with  alabllily  atudiea. 

n  la  briirvol  that  tla<  raprrirnre  gained  in  this  program  greatly  enhanced  Ihe  Nallon's  capt- 
bililies  in  spare  rereirrh  and  deveiopmenl  awl  lhal  many  ol  Ihi'  eompnnents  developed  will  Iind 
a  recurring  applirali.m  in  Ihis  r.-iirirv's  spare  program. 

This  program  proves  ihe  iesMbililv  and  lersaflilv  ol  airrrait-launehed  aalellilr  vehlrlet. 
h  la  believed  lhal  wilh  Ihe  eaperienn  gained  in  Ihis  program,  a  lightwrigM,  tneapenalve, 
bighlv  reliable  satellite  irhirle  td  oiiiiianee  qualiiv  eould  la-  designed  and  maraiiartured  on  a 
short  lime  scale 
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